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gases and thcix partial pressures were 
maintained at 6.4 X 10 \ 6.5 X 10 8 and 
33-4.9 x 10"* atm, respectively. InGaAs 
emission layers were introduced into the 
middle of a GaAs micropillar, as emitting 
layers with wavelength of —1.0 u.m. The 
operating pressure and the substrate tem- 
perature during epitaxy were maintained 
at 38 Torr and at 750°C, respectively. 

The hexagonal micropillars had smooth 
sidewalls consisting of (110) facets and 
were perpendicular to the substrate, as 
shown in Fig. 2. The average hexagonal 
radius and height of micropillars in Fig. 
2 were 101 nm and 1.59 fmi, respectively, 
and thus they have a high aspect ratio of 

Side-detected PL measurements were 
made to study the radiation horn the 
emission layers in the direction perpen- 
dicular to the micropillars which had 
passed through the 2D PBG crystal. The 
PT. spectra were measured in both of H- 
and E-polarizations. 

In crystals of the form of triangularly 
arranged hexagonal micropillars,. the 
PBGs are not uniformly in any direction 
but appears only in certain directions or 
wavelengths. In Fig. 3, the measured PL 
spectra are shown in both polarizations 
in LV and V-X directions in the first Bril- 
louin zone. We found that the measured 
spectra were discontinuous and that the 
wavelengths of discontinuous points in 
the spectra were almost matched with 
those of the calculated PBG edges, such 
as 0.88 fim in E-polarized spectra in T-/ 
direction and 0.91 u.m in H-polaxized 
spectra in T-X direction. It is obvious that 
the presence of the PBG in the fabricated 




ThK2 Fig. 2. SEM image of hexagonal 
micropillars arranged in triangle lattice. 



IT E-MN- 

A 



QaAi H-poLT-X- 
• E-poL r-x- 




ThK2 Fig. 3. PL spectra detected in 
the direction perpendicular to the 
micropillars and calculated results of 
phonic bandgap against the normalized 
hexagonal size. The spectra were 
observed in both polarizations 
separately The hexagonal size of the 
measured crystal was —0.23. (a) 
Radiation observed in the V-J direction 
and (b) in the F X direction. 



crystals resulted in the discontinuity of 
sprectra. 

In conclusion, semiconductor 2D PBG 
crystals have been fabricated by selective 
MOVPE on (lll)B GaAs and their optical 
characteristics have been demonstrated 
in both polarizations by side-detected PL 
for the first time. It has been shown that 
this selective epitaxy technique is suitable 
for the fabrication of micropillars. Fol- 
lowing this fabrication and observation, 
we are fabricating a 2D PBG crystal cav- 
ity, i.e., a PBG crystal having phase shifts 
in it. 
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Fabrication of functional probes for near- 
field optical microscopy ' ^ K 

Kazuyoshi Kurihara, Motoichi Ohtsu,* 
Kanagawa Academy of Science and 
Technology, KSP East, 3-2-2 Saktulo, Takatsu- 
ku, Kawasaki-shi, Kanagawa-ken 213, JAPAN 

Functional probes for near-field optical 
microscopy (NOM) are a key device for 

- improving NOM in performance and ap- 
plying NOM to chemistry and biology. 
Much effort has been made to fabricate 
the functional probes, but advances in the 
fabrication is not enough to make a great 
impact on NOM. 1 

We present a novel method to fabri- 
cate the functional probes by means of a 
capillary under a system of a conven- 

. tional optical microscope and micro-ma- 
nipulator. Functional materials are selec- 
tively fixed on the apex of optical fiber 

\ probes with a size of about a micron. Fig- 
ure v l shows a schematic of the fixation 
procedure. The capillary is used as a 
small beaker. The optical fiber probe is 
prepared with the SRC method. 2 The cap- 
illaries x are prepared by pulling glass 
tubes with a puller for micro-electrodes.- 



Optical fiber probe 



Capillary 




The functional materials are dissolved in 
solvents and made low in viscosity to fill 
the top of capillaries. The capillary 
method 3 is applicable in fixing many 
kinds of functional materials. 

In the SEM image of Kg. 2, poly(vinyl 
chloride) (PVC) film including fluores- 
cein is fixed on the apex of the probe and 
gives a function of chemical sensor to the 
probe. The PVC film 4 is an attractive or- 
ganic membrane which enables us to pro- 
duce ion-selective membrane based on 
ion-exchange mechanism by dissolving 
ionophores with fluorescent indicators. 
The sensor size is from submicron to mi- 
cron, depending on the fixation condi- 
tion, especially depth of dipping the 
probe, diameter of the capillary and vis- 
cosity of the PVC film. The viscosity is 
adjusted with a solvent of Terahydro- 
furan (THF). In Fig. 2, typical fluores- 
cence spectrum is shown when illumi- 
/ nating the probe with 488 nm of Ar-ion 
laser coupled to the fiber at a power of 
0.2 mW. 70% of photobleaching is ob- 
served within 30 minutes. 

In the SEM image of Fig. 3, polydi- 
acetylene (PDA) 3ECMU is fixed on the 
apex of the probe. PDA is an organic 
polymer with large third-order nonlinear 
susceptibilities resulting from one-di- 
mensional -rr-conjugated electrons. In 
near-field regions, optical processes of 
nonlineaiity such as four- wave mixing 
and phase conjugation are not yet clear. 6 
The nonlinear probes are direct tools to 
investigate nonlinearity in the near-field 
regions. In Fig. 3, fluorescence spectrum 
is shown when the probe is resonantly 
excited by 632.8 nm of He-Ne laser cou- 
pled to the fiber at a power of 2 mW. The 
probe with PDA is also used as light- 
emitting probes. 

Figure 4 shows the probe with GaAs 
powder which is fixed on the glass sur- 
face of the optical fiber because of ad- 
sorption. Ethanol is used as solvent for 
GaAs powder which is prepared by 
crushing GaAs wafer in a mortar for 
about an hour. The apex of the probe is 




ThK.3 Fig. 1. Schematic of fixation 

procedure under a system of a optical iiuorcsc^^^ ^ 

microscope and micro- manipulators. PDA 3ECMU. 



Wavelength (nm) 



ThK3 Fig. 2. The SEM image and 
fluorescence spectrum of the probe with 
PVC film containing fluorescein. 
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ThK3 Fig. 3. The SEM image and 
fluorescence spectrum of the probe with 
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ThK3 Fig. 4. The SEM image of the 
probe with GaAs powder. 



attachec to accumulated GaAs powder at 
the top of the capillary because of ethanol 
evaporation. The probe with GaAs sug- 
gests th it it is possible to fix powder on 
the apex of the optical fiber probes with- 
out adh isive agents. 
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and Engineering, Tokyo Institute of 
Technology, 4259 Nagatsuta-cho, Midori-ku, 
Yokotmmi -shi, Kanagawa-ken 226, JAPAN 

1. H. Gottlich, et al, Ultramicroscopy 
61, 145-153 (1995). 

2. S. V ononobe, et al, Appl. Opt. 36, 
to b : published (1997). 

3. K. Kurihara, et al, Proc. of OFS-11, 
694- 697 (1996). 

4 M. 5 hortreed, et al, Anal. Chem. 68, 



5. 



2656 
S. I 



2662 (1996). 
Bozhevolnyi, et al, Opt Lett. 



19 f 1601-1603 (1994). 



ThK4 



Fabricati >n 



1200 



of polymer microlens arrays by 
UV-curing technique 



Takashi Okamoto, Naoyuki Matsushita, 
Seiichiro Hayakawa,* Iwao Seo,* Heihachi 
Sato, Dep artment of Electrical Engineerijtg, 
National defense Academy, Hashirimizu 1-10- 
20, Yokosika 239, JAPAN 

Polymer materials are suitable for optical 
elements because they are light, inexpen- 
sive, highly shock-resistant, and easy to 
process. Several methods have already 
been rep :>rted for making polymer micro- 
optics elements, among them are injec- 
tion moulding, hot pressing, 1 excimer la- 
ser irradation with styrene diffusion, 2 
and use 3f the photothermal effect by in- 
frared re diation. 3 In this paper we pro- 
pose a new fabrication method for micro- 
lens arrays and phase gratings, which use 
the contracting effect of photopolymers 
occurring when they are exposed to ul- 
traviolet (UV) light for curing. 

UV-cured polymer is used mainly for 
the fabr cation system of three-dimen- 
sional prototypes. One of the problems 
encountered in this system is that the 
polymer contracts in the process of UV 
curing, which leads to the size error in 
the resuttant product. Wc exploit this 
property to produce protrusion or cor- 
rugation on a polymer substrate. 



The fabrication process for a lenskt 
array is schematically illustrated in Fig. 
1. first, UV-curable liquid monomer 
(TEMA) is poured into a glass cell with 
internal dimensions of 75 X 75 X 1 mm 
[Fig. 1(a)]. A chromium mask with peri- 
odically arranged circular apertures on 
quartz is placed on top of the cell. Next, 
the liquid monomer is irradiated from 
above for one minute by a metal halide 
lamp that has the radiation spectrum 
ranging from 200 to 400 nm [Fig. 1(b)]. 
The UV light induces photo polymeriza- 
tion, and the medium begins to contract 
as it changes from the liquid phase to the 
solid one. Owing to this contracting ef- 
fect, a force is produced which make the 
monomers in the shadow domains of the 
medium move into the irradiated do- 
mains to join the polymerization, form- 
ing protrusions on both surfaces of the 
polymer at the positions corresponding 
to the circular apertures. Then the irra- 
diation from both the top side and the 
bottom side for 11 minutes follows to 
harden the whole medium. After anneal- 
ing for 1 hour at 120°C, we finally obtain 
a microlens array plate [Fig. 1(c)]. 

Figure 2 shows an example of a mi- 
crolens array fabricated by the UV-curing 
method. The diameter of each lenslet and 
the separation of the lenses are 1 mm. 
The shape of the surface was measured 
by a profilometer, and it was found that 



Chromium mask 
on a glass plah 




Glass plate 



UV light (Metal hailda tamp) (12 min.) 
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UV light (11 mln.) 
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ThK4 Fig. 1 . Schematic diagram of 
the process for making microlens arrays. 



the height of the mi tro l enses was about 
8 M-m, each of which had a bell shape 
with the top half of it being in a spherical 
shape. The profile of the lens depends on 
the position and the pattern of the metal 
mask. The optimum conditions for pro- 
ducing high quality microlenses is dis- 
cussed, together with the results for an 
optical characterization of the microlens 
arrays produced under various condi- 
tions. 
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Fabrication of Yb ,+ doped multi-layer 
cladding fiber using flash condensation 
method in MCVD process 

Farin Sanaei, Pak L. Chu, Optical 
Communications Group, School of Electrical 
Engineering, University of ~New South Wales, 
Sydney 2052, Australia 

The use of ytterbium in optical commu- 
nications technology is becoming wide- 
spread, because ytterbium exhibits reso- 
nant nonlinearities at 1310 nm and 1545 
nm (approximately around the standard 
optical communication minimum loss 
windows) without introducing any ab- 
sorption at these wavelengths. Such 
nonlinearities are potentially useful in 
switching and altering the signal trans- 
mission characteristics depending on the 
intensities of the pump and input power. 
To achieve this with low input power, the 
fiber needs to be doped heavily to induce 
high nonlinearity. 

There are many ways to dope optical 
fibers with different rare-earth materials. 
These include Volatile Halide Method, 
Aerosol Doping, Outside Vapour Depo- 
sition, Vapour Axial Deposition, Sol-gel 
Process, and Solution Doping using 
MCVD. The common limitation of these 
methods is the amount of the possible 
dopants being implanted in the preform. 
To overcome such limitations, the used 
method for fabrication of heavily-doped 
ylterbrium optical fibers was Flash-Con- 
densation in MCVD process. This process 
relies on rapid heating and reaction of 
acid trapped in a silica frit. The advan- 
tage of this method over the above men- 
tioned methods are: (1) uniform incor- 




ThK4 Fig. 2. Picture of a microlens 
array produced by the UV-curing 

method. 



ThK5 Fig. 1 . A typical concentration 
profile of the manufactured multi- 
cladding fiber. 
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